This new methodfor fractionationof serumalkalinephosphatase isoenzymesis based on isoelectricfocusingon a mixedtype polyacrylamidesupport containing an immobilizedpH gradientwith a superimposedcarrier-ampholytegradient.All known forms of alkaline phosphatase are separated in an ImmobilinepH 3.5-6.0 gradient, the sample being applied Into pockets cast on a pH 8.0 plateau. 
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Received December 31, 1985; accepted March 14, 1986. central role is played by zone electrophoresis in sieving media (e.g., starch and polyacrylamide) (5) or non-sieving media (e.g., agarose and cellulose acetate) (6) . These techniques have low resolving power, being barely able to resolve bone and liver AP bands in sera. Often, the presence of an abnormal AP form is inferred more from the broadening of a conventionally migrting band than from any actual resolution of normal vs pathological isoforms present in serum. Due to its high resolving power, isoelectric focusing (IEF) in the presence of carrier ainpholytes (CA) would appear to be the technique of choice for resolving and unambiguously identi1ring closely related isoenzyme forms (7) . Few reports dealing with the IEF separation of AP isoforms have appeared (8) (9) (10) (11) , often demonstrating the presence of multiple components, but in general, contrary to expectations, exhibiting blurred and diffused bands. Some reasons for this might be the metal chelating properties of CA buffers (12) 
Gel Preparation
For IEF in IPG we prepared gels 0.5 mm in thickness, containing 20 minol of Immobilines per liter and an amount of matrix corresponding to 3.5%T, 4%C (16) . An optimized pH gradient (17) in the range of pH 3.5 to 6.0 was used (see Table 1 ). After the polymerization step, we cast a pH 8.0 plateau containing all the sample wells. In the cases where Blue Dextran (18) was included in the plateau, the pH of the sample gel was adjusted to 9.0 by titrating Immobiline pK 9.3(buffering ion) with the pK 3.6 titrant. After polymerization, the gels were washed, dried, and re-swollen to their original weights in 4% carrier ampholyte in the pH 3.5-8 range (19, 20) .
Sample Application
In all cases we used both undiluted and undialyzed serum, because the IPG gels can tolerate heavy salt and especially heavy protein loads (15) . In these gels, up to 100 zL of serum can be applied without interference with the separation pattern. For normal sera up to 2 mU and for pathological sera up to 6 mU of alkaline phosphatase activity was applied to the gels.
Electrophoretic Conditions
We performed IEF in IPGs at 2 W constant power for 12 h at 10#{176}C, using 10 mmol/L glutamic acid and 10 mmol/L lysine as anolyte and catholyte, respectively.
Enzyme Staining
After IEF, the gel slab was incubated for 10 mm in 1 molJ L diethanolamine buffer containing 1 mmol of zinc sulfate and 1 mmol of magnesium chloride per liter. Enzyme staining (14) was then performed at room temperature for up to 2 h in the above buffer (fresh) with 1 g of added 5-bromo-4-chloro-indoxyl phosphate and 0.5 g of mtroblue tetrazolium salt per liter (first dissolve these two chemicals separately in a small volume of dimethyl formamide, about 70 mL/g). After staining, the gels were washed extensively in dilute 100 mIJL acetic acid and water, then dried. 
Results
Because, in preliminary runs with IPGs, most AP bands appeared to focus in the pH 3.5-6.0 range, we first calculated an optimized IPG recipe (Table 1) Table 1 represent the customary linmobiline concentration in a conventional IPG gel, which is usually of the order of 12-14 total millimoles of all the species present, including buffers and titrants, per liter (21) . However, in the results reported below, we used twice the amounts given in Table 1 , so as to obtain double /3 and I values. In addition, because the AP zones tended to smear and precipitate in an IPG gel alone, we resorted to a mixed-type, primary immobilized pH gradient with an overimposed, secondary, carrier-ampholytegenerated pH gradient (20) . The latter ensures, in the transient state, a higher conductivity, which helps protein migration and minimizes precipitation and aggregation at the application point (22) . In sample 3 from the left, the heavy, higher p1 bands have been associated with placental AP, because they originated from the serum of a pregnant woman. To prove it, we ran a heat-stability test (incubation of serum for 15 miii at 65#{176}C). As shown in Figure , 
Discussion
The above data, although preliminary in nature, involved some novel features worth discussing.
The Immobiline system. With the new JPG technique, especially when combined with a secondary, CA-generated pH gradient, it is possible to couple a high resolving power with a high reproducibility in band position. In previous reports on focusing of AP isoforms (8-11), poor patterns (smeared, unreproducible in spot position, number, and intensity) were generally obtained. We believe this is ascribable to several drawbacks of the conventional CA-based technique, notably: (a) the extremely low ionic-strength environment (13), (b) the cathodic drift (23) , and (c) potential artefactual bands generated by complexes among AP and different CA species (24) . In the first instance, the low-I milieu could produce near-isoelectric precipitation and band smearing (salting-out effect). In the second case, it would generate positional unreproducibility of the AP zones. In the last case it would produce new artefactual AP "pseudo- by running them in highly diluted polyacrylamide matrices (2.5% T): all the AP activity entered the gel, but moved down from the pocket as a smear and did not focus during the time allotted to the experiment.
forms" not existing in vivo. The high I milieu typical of IPOs (in the present case, at least 20 times higher than in conventional CA-IEF) would ensure full protein solubility and would disrupt any potential binding with CA species.
Needless to say, cathodic drift does not exist in W(le, so that band position reproducibility is fully guaranteed, no matter how prolonged the IEF run. It is typical of the IPG technique to generate protein p1 values significant to the second decimal place (as given here), while in conventional IEF not even the first decimal place is often accurate (25) . This will allow much more reproducible and comparable AP patterns among different laboratories, while permitting a close scrutiny of the fine spectrum of isoforms present in a specific tissue. This is not possible with conventional electrophoretic techniques. In fact, although by treatment with neuraminidase and lectin affinity electrophoresis (26, 27 ) the resolution of APs in samples from different tissues has recently been increased, the zone-electrophoretic method used did not allow resolution of each band into its constituent spectrum of isoforms. It is quite clear from our data that each band obtained by zone electrophoresis in cellulose acetate is an envelope of sub-bands, which can be fully resolved by the present IPG technique.
The staining technique.
Instead of the standard azocoupling technique in which 1-and 2-naphthyl phosphates and diazonium salts are commonly used, we have adopted the indoxyl phosphate-tetrazolium salt combination, first described by McGadey (28) and recently reported by Sinha (14) . The azo-coupling technique has the disadvantage that diazonium salts are relatively unstable at the high pH values (>pH 9.5) used during the enzyme staining procedure. This could lead to partial destruction of these salts, required for the coupling reaction, during the digestion process. Diazoniuni salts can also inhibit enzymes and might change their kinetic properties. In addition, 1-and 2-naphthols, owing to their higher solubility in aqueous buffers, do not precipitate completely at the sites of AP activities in the gel, so the resulting zymogram is often diffused and the bands blurred. With the present staining technique, after hydrolysis of the indoxyl-phosphate, the released undoxyl molecules reduce the nitroblue tetrazolium salt to insoluble formazan at the sites of enzyme activity, thus producing sharp bands, contrasting clearly with the background and allowing resolution of zones that are less than 0.5 mm apart.
Sample load. A major problem with detecting AP isoforms after conventional JEF of normal sera is the low amount of sample that must be used with the JEF procedure. At the tolerated volumes (3-5 L of serum), as the activity is distributed over at least 10 zones, the bands become almost undetectable.
At least 25 to 30 pL of serum is needed to intensify the zones, but at these very high protein loads (ca. 2 mg of protein/track) the pH gradient in conventional IEF breaks down, and wavy and blurred zones are produced. In IPGs, we routinely load 25 to 30 1zL of whole, undialyzed serum without any negative side effects. In the present technique, in fact, where Immobilines in double the usual concentration and as much as 4% CAs are used, we have loaded as much as 100 L of serum before overloading became apparent.
Not even albumin, which in general greatly disturbs the JEF process, is affecting the distribution and the quality of the AP isobands. In fact, at the beginning we had tried to eliminate it by preparing a sample application plateau containing an affinity ligand (Blue Dextran), but we later abandoned this procedure because albumin was not interfering in the AP pattern and, in addition, some AP activity appeared to be lost in the affinity plateau, possibly bound to Blue Dextran.
Conclusions. While still preliminary in nature, our data show the great.potential of the present IPG-CA technique as a fine tool for a close scrutiny at the spectrum of AP isoforms in serum. Work is in progress to isolate AP from different tissues for a clear mapping of the numerous AP bands present in serum. At the moment, it appears that the two isoenzymes of Paget's disease and the four placental isoforms are clearly recognizable (their relative positions in the p1 spectrum being in full agreement with their migration in disc electrophoresis, cf our figures with Figure 3 of ref. 3) . The hepatobiliary disorders, by producing different patterns consisting of additional, higher-pI components and greatly altered ratios among the 10 isoforms present in normal serum, will need closer scrutiny to see if the different spectra of isoforms can be correlated to specific liver diseases.
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